Objective-To report the outcome of an intention to treat by heart transplantation strategy in two groups of patients after infarction, one with both left ventricular failure (LVF) and ventricular tachyarrhythmias (VTA) (group A) and the other with progressive LVF following antiarrhythmic surgery for VTA (group B). Patients and methods-Group A comprised 17 consecutive patients for whom transplantation was considered the best primary non-pharmacological treatment; group B comprised five consecutive patients assessed and planned for transplantation after antiarrhythmic surgery. Results-In group A, eight patients underwent transplantation and all survived the first 30 day period. At median follow up of 55 months (range 11 to 109) seven of this subgroup were still alive. Five patients died of recurrent VTA before transplantation, despite circulatory support. In the face of uncontrollable VTA, four of these underwent "high risk" antiarrhythmic surgery while awaiting transplantation: three died of LVF within 30 days and one was saved by heart transplantation two days after arrhythmia surgery. Mortality for the transplantation strategy in group A patients was 47% by intention to treat analysis. Quality of life in the eight actually transplanted, however, was good and only one died during median follow up of 56 months. The five patients in group B were accepted for transplantation for progressive LVF at a median of 21 months (range 12 to 28) after antiarrhythmic surgery. One died of LVF before transplantation, 22 months after initial surgery; another died of high output LVF three days after transplantation. Thus mortality of the intended strategy was 40%. The three transplanted patients are alive and well at 8-86 months. Conclusions-Although the short and medium term outcome in category A or B patients who undergo transplantation is good, the overall success of the transplantation strategy in category A patients is limited by lack of donors in the short time frame in which they are required. (Heart 1998;80:473-478) 
Patients who present with episodes of either sustained ventricular tachycardia or fibrillation against a background of established heart failure following myocardial infarction have a very poor prognosis. [1] [2] [3] Drug treatment is used to improve ventricular function and prevent sudden death, but it is largely ineVective in the long term. [4] [5] [6] [7] Map guided antiarrhythmic surgery, combined with aneurysmectomy and myocardial revascularisation, can improve the outlook for some patients in this category, but the perioperative mortality from low output cardiac failure is high, despite control of arrhythmias. [8] [9] [10] Implantable cardioverter defibrillators (ICD) have been a major therapeutic advance and, in some patients, achieve control of arrhythmias with an operative mortality of less than 1%. 11 12 However, the ability of even ICDs to prevent arrhythmic deaths in these patients is limited 13 and purely antiarrhythmic measures have little impact on survival in patients who remain in overt heart failure despite optimum medical treatment. Cardiac transplantation could provide the best overall treatment for selected patients in this category, curing both arrhythmias and heart failure. However, the appropriateness and resource implications of accepting such patients on to a heart transplant programme need careful consideration, given the chronic shortage of donors. 14 15 In this report we describe our experience of the use of heart transplantation in two categories of patients with postinfarction ventricular tachyarrhythmias-first, as primary nonpharmacological treatment in patients referred to the arrhythmia service with a combination of arrhythmias and heart failure; and second, as treatment for patients with progressive heart failure following map guided surgical endocardial resection.
Methods
Patients referred for assessment of serious ventricular tachyarrhythmias following myocardial infarction were assessed to determine whether the best treatment was pharmacological, cardioverter defibrillator implantation, map guided endocardial resection, or heart transplantation. The treatment recommended was determined by factors including the patient's age and overall medical status, the perceived life threat posed by arrhythmia recurrences, the residual function of non-infarcted left ventricular segments, and the extent of coronary artery disease. All of these methods of treatment were available within the institution. The choice of treatment recommended was thus not influenced by the range of treatments available on site. Map guided endocardial resection was first performed at our hospital in 1980, the cardiac transplant programme began in 1985, the first cardioverter defibrillator was implanted in 1990, and radiofrequency catheter ablations for postinfarction ventricular tachycardia began in about 1995.
CRITERIA FOR ANTIARRHYTHMIC SURGERY
From 1980 to 1985, map guided endocardial resection was oVered to all patients whose arrhythmias were considered to pose a life threat, despite optimum drug treatment. It was also performed in a small number of patients when cardiac surgery was required for another primary indication, even though arrhythmias were responsive to drug treatment. 16 17 With the availability of heart transplantation in 1985 and implantable defibrillation in 1990, elective surgical treatment is now reserved for patients without important comorbidity who also have normal systolic function in at least three of nine left ventricular segments on their biplane left ventricular cine-angiogram. 8 However, emergency surgery continued to be oVered to patients without other therapeutic options throughout the period of the data collection.
CRITERIA FOR CARDIOVERTER DEFIBRILLATOR

IMPLANTATION
After 1990, device treatment was oVered to patients with infrequent arrhythmias and severely impaired left ventricular function as defined above, and to those with comorbidity likely to result in a significant increase in mortality after antiarrhythmic surgery. However, defibrillator treatment was not used in patients with frequently recurring arrhythmias or in those who remained in heart failure (Killip class III-IV; New York Heart Association (NYHA) class IV) despite medical treatment.
CRITERIA FOR HEART TRANSPLANTATION
In the period 1986 to 1987, heart transplantation became an option for patients with poor cardiac reserve and symptomatic heart failure, who had survived a life threatening episode of ventricular tachyarrhythmia and whose anticipated mortality from conventional antiarrhythmic surgery was considered unacceptably high (group A). It was also available for patients, who had previously undergone antiarrhythmic surgery but who later became progressively limited by heart failure (group B). To be considered for transplantation, however, patients had to meet the standard criteria applied to all potential recipients.
CRITERIA FOR RADIOFREQUENCY CATHETER
ABLATION
Although some catheter ablations had been performed using direct current for many years at our hospital, radiofrequency ablations for supraventricular tachycardias only became routine from 1992 and for ventricular tachycardia from about 1995. Thus catheter ablation was not considered during much of the period of data collection, even in patients with haemodynamically well tolerated forms of ventricular tachycardia.
MANAGEMENT WHILE AWAITING HEART TRANSPLANTATION While awaiting transplantation, patients at high arrhythmia risk remained in hospital with continuous telemetered ECG rhythm supervision. To improve left ventricular function antiarrhythmic drugs were withdrawn and all patients were maintained on diuretics and angiotensin converting enzyme inhibitors, with or without intermittent nitrate treatment. 10 18 Dobutamine infusions were often used but other inotropes were avoided in view of their arrhythmogenic potential. Digoxin was used only in patients with atrial fibrillation. If major episodes of arrhythmia recurred, antiarrhythmic drug treatment was restarted and temporary pacing was sometimes instituted to aid arrhythmia control. Intra-aortic balloon pump support was used in some patients to support left ventricular function and to reduce arrhythmia frequency. 19 If frequent arrhythmias continued, antiarrhythmic surgery was recommended unless the patient was considered to have a negligible chance of surviving this procedure.
Patients undergoing transplantation for progressive heart failure occurring late after antiarrhythmic surgery were managed as outpatients in the same way as other categories of potential recipients. Recipient waiting time was calculated from the time that transplantation was considered optimum treatment in group A, and from the date of acceptance onto the transplant list in group B, to the date of transplantation, arrhythmia surgery, or death.
HEART TRANSPLANTATION AND SUBSEQUENT FOLLOW UP Conventional orthotopic heart transplantation was performed with triple therapy immunosuppression. 20 The follow up programme required monthly cardiac biopsies for three months, three monthly biopsies for one year, and annual biopsies thereafter. Coronary angiography was undertaken two years after transplantation and annually thereafter. Follow up on all patients transplanted is complete, as all were kept under regular review by the transplant team until death.
STATISTICAL ANALYSIS
Comparisons between subgroups were performed using the unpaired t test. DiVerences were considered significant at the 5% level and highly significant at the 1% level. Survival curves were drawn from actuarial survival calculations using Statview version 4.5 (Abacus Concepts Inc, Berkeley, California, USA).
Results
TRANSPLANTATION FOR ARRHYTHMIAS AND HEART FAILURE AFTER MYOCARDIAL INFARCTION
In the period 1987 to 1996, heart transplantation was considered optimum treatment for 17 patients referred to the electrophysiology service with the combination of severely compromised left ventricular function and life threatening ventricular arrhythmias after myocardial infarction (group A). Table 1 Eight patients eventually received transplants (table 1A) , five died of arrhythmia recurrences while awaiting transplantation (table 1B) , and four underwent "salvage" antiarrhythmic surgery in the face of intractable arrhythmias while awaiting a suitable donor (table 1C) . All those transplanted survived the first 30 days after the operation. Their median times from last infarction and first arrhythmic episode to transplantation were 13 and 3.5 months, respectively. The mean waiting time for a donor heart was 49 days (range 22 to 111 days). One had an unsuccessful radiofrequency catheter ablation attempt while awaiting transplantation. During median follow up of 55 months (range 11 to 109), only one of these eight patients had died at the time of writing. Death followed a myocardial infarction 4.7 years after transplantation.
Five patients died of recurrent arrhythmias before a suitable donor became available. None of these was considered suitable even for salvage surgery or catheter ablation. This group survived a median of only 10 days (range 2 to 18) from the time of acceptance for transplantation (table 1B) despite intra-aortic balloon pump support in three and percutaneous bypass in one. Median times from last infarction and first arrhythmia episode in these patients were 1.5 months and 14 days respectively.
In the context of uncontrollable recurrent arrhythmias while awaiting transplantation, four patients underwent high risk salvage antiarrhythmic surgery. Their median times from last infarction and first arrhythmic episode to surgery were 11.5 and 10.5 months, respectively. Three died of heart failure in the early postoperative period and the fourth survived only by undergoing heart transplantation 48 hours after the operation (table 1C) .
Although none of the nine patients actually transplanted died in the early postoperative period, the mortality for the strategy of treating this type of patient by "urgent" heart transplantation was 47% (eight of 17) by intention 
Group 1c = 4 (24%)
Heart transplantation for recurrent ventricular tachyarrhythmiasto treat analysis. Figure 2 relates outcome to recipient waiting time for each subgroup. As might be anticipated, patients who died had waited a shorter time for a suitable donor than those actually transplanted (p = 0.007).
ELECTIVE HEART TRANSPLANTATION AFTER ANTIARRHYTHMIC SURGERY
The second category of patients studied were those considered for heart transplantation in the context of progressive heart failure after map guided surgical endocardial resection for postinfarction arrhythmias in the period 1988 to 1996. Five patients were referred and accepted for elective transplantation after antiarrhythmic surgery (group B). Their clinical details are summarised in table 2. Four had been rendered arrhythmia-free by antiarrhythmic surgery for a median period of 21 months (range 12 to 28). The fifth patient had required repeated hospital admission for initially well tolerated ventricular tachycardia with resultant progressive congestive heart failure. Between episodes this patient was in NYHA class II. He was managed at a time when catheter ablation was not available for ventricular tachycardia. One patient died of progressive heart failure 79 days after listing for heart transplantation. The remaining four were transplanted after waits of between 60 and 547 days. One of these died of unexplained high output heart failure, unresponsive to treatment, three days after transplantation. On an intention to treat basis, therefore, the periprocedural mortality from cardiac transplantation as an adjunct to antiarrhythmic surgery in this small series was 40% (two of five). This compares with a combined waiting list and 30 day postoperative mortality of 28% for patients undergoing elective heart transplantation at this unit. The mean waiting time for a suitable donor in such patients follows a bimodal distribution, with a median of 120 days. The three who survived the perioperative period were well at the time of writing, at intervals of between eight months and seven years after transplantation.
Discussion
Theoretically, heart transplantation is the ideal treatment for patients with life threatening ventricular tachyarrhythmias and irreversible heart failure following myocardial infarction. Several reports refer to the possibility of transplantation in this type of patient, while others report outcome in those actually transplanted. [21] [22] [23] [24] [25] Determining the value of the transplantation strategy on an intention to treat basis is more diYcult, not least because of the problems in defining when a patient actually becomes a potential transplant recipient for inclusion in any analysis. For the purpose of this analysis, we included all patients who were transferred to the electrophysiology service at our hospital for management and whose optimum treatment was considered to be heart transplantation rather than continued drug treatment, antiarrhythmic surgery, or device treatment. This population may not be the same as one selected by referral to a heart transplant service from the start. Three patients who died before transfer to our hospital were excluded. The aim of this intention to treat analysis was to determine the unit's ability to use heart transplantation in a cohort of patients with overt heart failure, who developed serious ventricular arrhythmias after myocardial infarction.
RESULTS IN PATIENTS PROCEEDING TO
TRANSPLANT
The benefits of heart transplantation in this group of patients are confirmed by the long term survival and good functional status in all nine patients in group A who actually underwent transplantation. 22 23 Their median follow up to date is 55 months with a range of 11 months to nine years. One patient died 56 months after transplantation following an anterior myocardial infarction complicated by heart failure and arrhythmias. It is unlikely that any would have survived more than a year without transplantation and four were in NYHA class III-IV heart failure before surgery. 3 15 
RESULTS OF TRANSPLANT STRATEGY BY INTENTION TO TREAT ANALYSIS
The ability to use heart transplantation as primary treatment for arrhythmias in the context of heart failure is limited by the scarcity of suitable donors. 3 26 Eight of the 17 patients in group A died of arrhythmias after waiting times of only two to 18 days. This compares with waiting times of between 20 and 111 days in those successfully transplanted (p = 0.0073). Attempts to support those who died-using intra-aortic balloon pumps, percutaneous bypass, or left ventricular assist devices-were largely unsuccessful. While status was improved briefly in all but one patient, the need to wean patients from support later because of the development or risk of complications was followed by re-emergence of arrhythmias. 27 Ischaemic leg complications after a week of balloon pump support contributed to the death of one patient in this series.
There is controversy over when to initiate support and how much support is appropriate in these patients. [28] [29] [30] [31] [32] [33] While supportive measures are undoubtedly helpful in the short term, the need for central lines or temporary pacing wires, balloon pumps, percutaneous bypass, or left ventricular assist devices all increase immobility and the risk of sepsis, which would preclude transplantation. 30 31 34-36 If mechanical hearts 29 30 or xenotransplantation 37 38 become available in the future they could, by being readily deployable, transform the initial outcome in these patients. However, the longer term outcome of these treatments would also need to match that of orthotopic transplantation. 39 40 HIGH RISK ARRHYTHMIA SURGERY IN PLACE OF HEART TRANSPLANTATION High risk antiarrhythmic surgery to "salvage" patients from arrhythmic death when a donor is not available seems inadvisable. Three of the four patients in whom this was undertaken died of low output heart failure despite left ventricular assistance. The fourth, already supported by a left ventricular assist device, would also have died had not a suitable donor become available 48 hours after antiarrhythmic surgery. This type of patient is not the same as those requiring antiarrhythmic surgery because of intractable arrhythmias in the early weeks after infarction, with preserved function in the noninfarcted segments. 16 41-43 Their outcome following antiarrhythmic surgery is likely to be determined more by the extent of residual contractile function than by arrhythmia frequency preoperatively.
CATHETER ABLATION AND THE IMPLANTABLE DEFIBRILLATOR AS BRIDGES TO TRANSPLANTATION
Only one patient in group A underwent attempted radiofrequency catheter ablation for ventricular tachycardia, mainly because the technique only became available during the latter part of the data collection. However, even now, radiofrequency catheter ablation is primarily intended for patients with haemodynamically well tolerated ventricular tachycardia. [44] [45] [46] Therefore by this criterion alone, nine group A patients would not have been candidates for ablation on the basis of their initial presentation, and several whose initial presentation was with stable tachycardia subsequently experienced cardiac arrest with other arrhythmia morphologies after admission. Furthermore, the cycle length of tachycardia was no indicator of its haemodynamic tolerability in patients with this degree of left ventricular dysfunction. Nevertheless, catheter ablation is likely to become a useful adjunct in stabilising these patients and thereby allowing them to survive to transplantation.
There have been several reports of the value of implantable cardioverter defibrillators in preventing arrhythmic deaths during the waiting period for heart transplantation, 45 46 and three patients have now also been treated in this way in our unit. In such patients, transplantation may be delayed safely until heart failure symptoms can no longer be controlled adequately by medical means. The unpredictability of organ availability, however, still results in occasional patients undergoing transplantation within weeks of device implantation, where the cost of continued hospital stay would not have exceeded the device cost.
In contrast to these patients, however, device therapy in patients already severely limited by heart failure symptoms despite optimal drug treatment, or in those with frequent arrhythmia episodes, is neither appropriate nor cost eVective. 47 The majority of the patients described in group A of this report who did not survive to transplantation were in this category. Indeed in some of these, ventricular arrhythmias reflect the terminal phase of heart failure rather than being a correctable or specifically treatable electrophysiological entity.
HEART TRANSPLANTATION AFTER ANTIARRHYTHMIC SURGERY That three of five patients became long term survivors after heart transplantation for progressive heart failure late after antiarrhythmic surgery confirms a complementary role for these two types of surgery in selected patients. However, the fact that one patient died before transplantation, and another within days of it, emphasises that this treatment is not always successful. 1 3 15 48 Failure of left ventricular function to improve after antiarrhythmic surgery identifies a subgroup likely to develop progressive heart failure over the next two years. Identifying those suitable for transplantation by this criterion alone might allow them to go on the waiting list at an earlier stage and thus reduce the mortality. However, the majority of patients with postinfarction arrhythmias are not candidates for heart transplantation because they are elderly and have pulmonary or diVuse vascular comorbidity. Forty of the first 100 patients who underwent antiarrhythmic surgery for postinfarction ventricular tachycardia in our unit were more than 60 years old, and 20 were more than 64 years old. The majority of these patients survived the early postoperative period, returned to a high functional status, and had a low annual cardiac mortality until coronary graft disease progressed to cause further myocardial infarction. During long term follow up, 11 died of progressive cardiac failure unrelated to reinfarction. At the time of death, only five of these would have been candidates for transplantation on age criteria alone. Thus the best estimate from our unit is that some 5% of patients after arrhythmia surgery for postinfarction ventricular tachyarrhythmias might subsequently become candidates for transplantation.
